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Abstract 
Battery technology is becoming indispensable to build smart communities. This paper summarizes the technologies to build a 
high performance battery system of Nushima Micro Grid. A hybrid approach of a battery system that is suitable for a small island 
is executed. 
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1. Introduction 
Japan has many small islands. Ships are an important way for their transportation and livings.  To build an 
efficient and practical micro grid system in such islands, an efficient DC micro grid, stable stationary batteries, 
mobile batteries, and technology of energy transfer between hybrid ships and the grid are essential.  Furthermore, an 
accurate battery SOC estimation system and battery management systems are essential technology for their safe and 
efficient operations. 
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2. Stationary Battery System for DC Micro grid 
 There are prepared three independent DC micro grids for Nushima primary school (with PV: 20kW and a wind 
generator: 1kW, and Bat.: 46kWh, Fig. 1), Teacher’s lodging (PV: 8kW and Bat. 23kWh) and Nushima community 
centre (PV: 10kW and Bat. 23 kWh).  All the power sources, as the PVs, a small wind generator and the commercial 
power lines are connected to DC bus line (360V) through DC/DC and AC/DC converters. Also all the loads fed by 
DC or AC are connected to the DC bus line through DC/DC and DC/AC converters.  Now experiments have been 
carried out for maintaining DC bus voltage to be constant, for developing an effective Battery Management System 
(BMS), and for feeding the renewable energy to the loads under daily and seasonal weather conditions. 
Fig. 1. Stationary Battery Systems for Nushima DC Micro grid. 
3. Mobile Battery Unit 
The Mobile Battery Unit, Fig.2, is a battery mounted vehicle for flexible power supplying.  It is intends to be 
used as a mobile charging equipment supplying power to transfer equipment such as electric vehicle, electric bicycle 
and emergency communication facilities including disaster prevention broadcasting.  It consists of two battery units 
of 20KWh each and a power charging station.  
This system adopts Advanced IC&C (Interrupted Check and Charge) method and BMS (Battery Management 
System) for charging safely up to full capacity of the battery.  In Advanced IC&C method, as shown in Fig.2, the 
charging power source is switched periodically to the reference power source of reference voltage Vref, and then the 
VEMF (Electro-Motive-Force) of the battery is measured by comparing to the Vref during the charging. 
 
 
 
Fig. 2. Mobile battery and its control diagram 
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This VEMF is the only index to show a progress of charging due to electrochemical reaction in polar organic 
solvent.  The completion of charging can be judged by confirming the saturation of VEMF to the maximum value, 
which is the full power state of the battery.   So, we can stop battery charging safely in any status of the battery. Figs 
2 and 3 depict the charging mechanism.   
 
 
Fig. 3.  Charging voltage transition 
 
4. Hybrid-Ship and Ship to Grid System 
    Figure 4 shows a conceptual image of the Ship to Grid (S2G).  This will be useful for emergence case to support 
electric powers from the hybrid ship, and also for effective use of renewable energies for fishermen’s activity. To 
realize it, however, we need to develop a bi-directional electric power transfer system between a plug-in hybrid ship 
(PHEB-2, about 10m length) and the Nushima DC micro grid.  In our system, electric energy is transferred by an 
electric car on which is mounted a set of batteries, and DC/DC converters which connect three level voltages as 96, 
250, and 360 DCV. This method is a kind of bucket brigade. 
 
 
Fig. 4. Conceptual image of the Ship to Grid 
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5. Practical and High Accurate SOC estimator 
    The accuracy as well as the inexpensiveness should be indispensable for measurement systems. Particularly, the 
SOC (state of charge) estimation is essential for capturing the state of secondary batteries. The precise SOC 
estimation system is developed by means of EKF (Extended Kalman Filter) run on a microcomputer. Compared 
with conventional techniques, such as output voltage method, internal resistance method, current accumulation 
method, EKF attains higher accuracy. EKF is a statistical method which minimizes over time the gap between the 
prediction and the observation, on the basis of the information acquired from observation of the physical variable 
with SOC dependence, such as OCV (open circuit voltage) and internal resistance. 
EKF formulates the change of the observed value with a discrete liner function, and defines a differential 
equation. If the time step is big, the error becomes large at the place where  varies greatly. To solve the 
problem, we have introduced a new fitting technique which minimizes the maximum change of . The 
obtained fitting curve is much smoother than that by least-squares.  Fig. 5 shows errors of SOC estimation obtained 
by the new fitting method. Compared with a general fitting method by least-squares, the maximum errors in SOC of 
20% to 80% (area in the rectangle of dashed line) were reduced from 4% to 2%. The new fitting technique pulls 
essential power of EKF and implements more accurate and stable estimation. This means that the accurate SOC 
estimation can be executed with a larger time step and less complex computation.  Consequently, the accurate 
calculation does not need expensive computer. It is sufficient by an inexpensive microcomputer as shown in Fig.6.  
Computation time for each EKF time step (1 s) was 4 ms. 
 
 
Fig. 5. SOC estimation by a new fitting method that minimizes the maximum 
change of  
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Fig. 6. SOC estimation system implemented on a microcomputer 
6. Summary 
We introduced summary of the technologies to build the high performance battery system for Nushima Micro 
Grid. Experimentation is being conducted on a real micro grid now and we are establishing efficient technology to 
save the planet. 
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